In order for our visual system to deal with the massive amount of sensory input, some of this input is discarded, while other parts are processed [Wolfe, J. M. (1994) . Guided search 2.0: a revised model of visual search. Psychonomic Bulletin and Review, 1,. From the visual search literature it is unclear how well one set of items can be selected that differs in only one feature from target (a 1F set), while another set of items can be ignored that differs in two features from target (a 2F set).
Introduction
Typically when perceiving the world, we need to select those parts of the world that are of interest to us. We need to make this selection since our visual system has a limited capacity and can not process all aspects of the visual world at once (Wolfe, 1994) . Visual search paradigms are a tool to measure how we select this information.
A hallmark result of this field of research is that visual search can be divided into two types of search: parallel and serial search (Foster & Ward, 1991; Treisman & Gelade, 1980; Treisman & Gormican, 1988) . Note that these types of search are also often referred to as efficient and inefficient search, respectively. This latter terminology does not suggest what type of processing underlies these different types of search, whereas the parallel-serial distinction explicitly suggests different types of processing. Search time slopes are generally acknowledged to be a useful diagnostic tool to make a distinction between efficient and inefficient search. A well-established explanation for different search time slopes between efficient and inefficient search is that they differentially demand attentional resources.
Inefficient visual search can be attributed to different factors. It can be due to a small difference between target and non-target (Duncan & Humphreys, 1989; Pashler, 1987) . Another factor in determining efficiency of visual search appears to be whether the searched item is part of the perceived figure or background. Several studies have shown that an item that was part of a perceived background in a search array was more difficult to find than when it was perceived as (part of) a figure standing out on a background (Davis & Driver, 1998; He & Nakayama, 1992; Humphreys & Mül-ler, 2000; Rensink & Enns, 1998) .
Another possibility for inefficient search to occur is when there are two types of distractors, each sharing a different feature with the target. This makes it hard to find the right combination of features that defines the target. In this so-called conjunction search, each item has to be compared to other non-target combinations of features, making search relatively slow (Treisman & Gormican, 1988; Treisman & Sato, 1990) . However, studies using conjunction search stimuli (Bacon & Egeth, 1997; Shen, Reingold, & Pomplun, 2003; Zohary & Hochstein, 1989) have shown that search time decreases, if one of the two types of distractor conjunctions is less frequent than the other, while the total set size remains constant. This results in a quadratic relationship between set size of one type of distractor and search time; when one set of distractors is either very frequent or very infrequent, search time is shorter than when both distractors types are equally frequent. This quadratic set size/search time relationship in conjunction search is thought to be a bottom-up effect of the smaller more salient subset. However, Bacon and Egeth (1997) show that this quadratic relationship between type of distractor and search time can be top-down attentionally guided. They show that in conjunction search, response time can be predicted by a linear top-down relationship between set size of one type of distractor and search time on the one hand and a bottom-up quadratic relationship between that same set size and search time on the other hand. By varying weights of the top-down and bottom-up components it is possible to describe search behaviour quite well. To model these two components in this way is particularly useful since other fields of research such as attentional capture research have already shown that different visual features draw differently on attentional resources (Rauschenberger, 2003; Ruz & Lupianez, 2002) . The topdown guidance in any visual perception task depends strongly on the features that need to be processed and should thus be taken into account when investigating search efficiency as well. Now consider feature search in contrast to the above-mentioned conjunction search, where a target is defined by a unique feature. Suppose there are two subsets of distractors in the search display with a constant total set size, where one subset never contains the target, since it differs on more than the target feature alone (i.e. an irrelevant subset). The prediction would be that, if the relevant subset can be successfully selected, search time should show a decrease as the irrelevant subset size is increased, while total set size remains constant (irrelevant subset size thus is a fraction of the total set size). Such successful selection of relevant items has been shown by Williams (1966) . When observers knew what feature (e.g. colour or shape) defines the search target, search time for that target decreases. Observers appeared to use colour to top-down select a subset of items in a search display. Note that selection of a relevant subset with simultaneous disregard of other irrelevant distractors in visual search is closely linked to attentional capture research. In attentional capture a similar question remains whether irrelevant singletons (one element in a display that differs from target on an irrelevant feature) can be ignored by top-down mechanisms or will always interfere with target detection. Folk and Remington (1998) and Leber and Egeth (2006) , for example, both argue that attentional capture is contingent on the feature defining the target, while Theeuwes (2004) has suggested that any salient distractor will capture attention independent of top-down processes. Moreover, being able to select a subset of items or not (Luria & Strauss, 1975 versus Zelinsky, 1996 , might also depend on target-distractor similarity (Hooge & Erkelens, 1999) . Alternatively, if there is still some bottom-up activation due to a smaller subset of distractors being more salient, we expect a combined quadratic and linear relationship (as in Bacon & Egeth, 1997) between irrelevant subset size and search time.
A feature search task with differently coloured targets and nontargets that did not show successful subset selection can be found in a unpublished observation by Wertheim (1981) , where stimuli were used that consisted of slides of photographed stimuli (red and white thumbtacks on a blackboard, with one smaller white thumbtack as target). Search time data from this experiment, however, could not be described by a linear nor by the combination of a quadratic and linear relationship between irrelevant subset size and search time. Interestingly, there appeared to be a search time increasing effect on top of a quadratic/linear pattern (cf. Bacon & Egeth, 1997) when the irrelevant distractors were infrequent (around 5% of the total set size). This can be seen in Fig. 1 , where a quadratic/linear pattern-like Bacon and Egeth (1997) have used to model search time was least square fitted to the data. Around 5% irrelevant subset size, the data deviated to a large extent from the function describing the best quadratic/linear fit on the data (the mean of absolute residuals was 517 ms for percentages between 0% and 5% (SD = 415 ms), whereas absolute residuals at higher percentages had a mean of 181 ms (SD = 197 ms), thus showing a better fit.
However, since the data of Wertheim's study were acquired using slides of photographed thumbtacks, the deviation from the predicted relationship between irrelevant subset size and search time around 5% irrelevant subset size, could be due to luminance differences between the differently coloured targets and non-targets, rendering the irrelevant non-targets perhaps more salient and thus causing an extra saliency effect around 5% irrelevant subset size. Hence, we try to replicate this study here using a computer setup to test whether we can find the same results under more controlled conditions. Moreover, if we can replicate these results, we can examine whether 5% irrelevant subset size increases search time in displays with different total set sizes as well. Also, if these results are replicated by using a computer setup and are independent of total set size, we will be able to examine eye movements during visual search. Thus we can investigate underlying mechanisms that might cause 5% irrelevant subset size to increase search time.
Experiment 1
We examined whether increasing the size of an irrelevant subset, while keeping total set size constant, decreases search time due to successful selection of the colour coded relevant subset. Alternatively, we would find the same results as the experiment by Wertheim (1981) . Next to the relevant subset being colour coded, a relative large similarity between the relevant non-targets and the target in that relevant subset should make subset selection more efficient and decrease search time as the irrelevant subset is increased in size, because the relevant subset is thus concurrently decreased. The irrelevant subset of items differed from target on two features (colour and size) while the relevant subset only differs in size from target. We therefore refer to the irrelevant subset of items as 2F non-targets and to the relevant as 1F non-targets.
Methods

Participants
Four experienced observers (three naïve as to the purpose of the experiment) voluntarily participated in the experiment. All had normal or corrected to normal vision. Bacon and Egeth (1997) . The gray area indicates 0-5% 2F non-targets.
Stimuli
Stimuli were created and presented using Matlab Ò 5.2.1 and the Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997 ) on a Macintosh G4 computer. Stimuli were presented on a 19 inch Iiyama Pro Vision Master 454 monitor set to a resolution of 1280 by 1024 pixels and a vertical refresh rate of 85 Hz. Participants were placed in a head and chin rest such that the distance to the screen was 57 cm.
Each trial consisted of a search display. This display consisted of a rectangular array (height/width ratio 2:3) containing 600 small (0.71°of visual angle) gray dots (luminance: 15.1 cd/m 2 ), separated horizontally and vertically 0.5°visual angle on a black background (luminance: 0.26 cd/m 2 ). All positions of the dots were randomly displaced 0.24°of visual angle horizontally and vertically. Each search display contained a target, which was a smaller gray dot (0.42°of visual angle). The target thus only differs from all elements in one dimension, namely size.
In addition to this size difference in size compared to target, in 16 out of 17 conditions a given number of non-targets dots in the display were replaced by dots that differed in two features from the target. Apart from being bigger than the target dot (0.71°visual angle), these dots were red. This colour was made equiluminant to the gray of the other dots using a flicker photometry procedure (Cavanagh, Tyler, & Favreau, 1984) . The number of red 2F non-targets ranged from 0 to 599 in 17 steps (see Fig. 2 for a search display example). Note that the reverse conditions were tested in pilot experiments as well (red small target amongst different levels of gray 2F distractors). This showed no difference in performance compared to experiments with gray 1F and red 2F items described here.
Each of these 17 irrelevant subset conditions was repeated 20 times in each subject (340 trials) in two separate blocks containing a random order of 10 repetitions of each irrelevant subset size.
Task and procedure
Each observer first was asked to set their red-gray equiluminant point by repeating the flicker photometry procedure five times (Cavanagh et al., 1984) , after which the experiment only continued if the standard deviation of these five repetitions of adjusting red to gray was less than 5% of the red colour range.
The task for each observer was to report the target as soon as they detected it. To measure search time we measured the response times of each observer. They were instructed that the target item was always a small gray dot. As soon as observers saw the target they pressed the space bar, after which the search display disappeared and a white rectangular outline appeared. This outline was divided in four quadrants, with a dot in one of the quadrants. Observers could move this dot around the quadrants using left and right arrow keys to indicate in which quadrant of the display they found the target. Hitting the escape key ended this indicating procedure. The next trial started 200 ms later. Each observer was given 10 practice trials.
Results and discussion
Under more controlled conditions we found that search time had a maximum when the display contained 5% 2F non-targets, which is perfectly in line with Wertheim (1981) . We found the same results using a smaller number of participants (4 vs. 30), but with more repetitions within one participant (20 vs. 5) and controlled for equiluminance of the red and gray items. For each observer the mean response time (RT) in each condition was calculated, after which the averages of these mean RTs were calculated across subjects. The resulting RT curve was plotted in Fig. 3 . Incorrect responses were excluded (2.13% of the data). Contrary to the predicted linear decrease in RT time due to the increasing number of red 2F non-targets (the relevant subset of gray items gets smaller), RT time was again actually longer compared to the condition where there are no 2F non-targets. This increase held up to 50% 2F non-targets, but had a maximum at 5% 2F non-targets (30 out of 600).
Our results were only comparable to results from Bacon and Egeth (1997) at higher percentages of 2F non-targets. They showed that search time in their conjunction search task results can be described by a quadratic bottom-up saliency-based distractor-ratio effect together with a linear decrease in search time due to topdown successful selection of a subset decreasing in size. Fitting our data with this kind of function (a quadratic function centered around 50% 2F non-targets combined with a linear decrease as number of 2F non-targets increases) showed that this can describe the data quite well (see Fig. 3 ) at percentages of 10% or higher (mean absolute residual: 99 ms (SD = 63 ms)). However, at lower percentages of 2F non-targets the data can not be fitted well (mean absolute residual: 429 ms (SD = 269 ms)) and the average RT time was well above the best possible (least squares) fitted function at 5% (see the gray area of Fig. 3 ). Apparently, up to 5% 2F non-targets the data can not be described by a combination of linear search time decrease due to top-down components and a quadratic bottom-up saliency-based distractor-ratio effect as described by Bacon and Egeth (1997).
In conclusion, displays with 5% irrelevant items yielded longer search times than any other condition. Though the red 2F subset can never contain the target in our search displays, a display containing a small number of red dots yields a longer search time, rather than a shorter search time. Search time was expected to be shorter than search time in the 0% red dots condition, since the relevant subset size is smaller. To examine whether this effect on search performance is due to the percentage of 2F non-targets or to an absolute number of 2F non-targets, we tested multiple set sizes in a second experiment.
Experiment 2
To investigate whether search time increases due to a small irrelevant subset of 2F non-targets, or whether this increase is due to an absolute number of these irrelevant non-targets, we extended Experiment 1 by testing four different set sizes. By investigating search time in different set sizes with four percentages of irrelevant non-targets we can determine whether the longer search time with a small number of irrelevant distractors is set size independent.
3.1. Methods
Participants
Four experienced observers (three naïve as to the purpose of the experiment) voluntarily participated in the experiment. All had normal or corrected to normal vision. None of the participants of this experiment took part in Experiment 1.
Stimuli
Stimuli were the same as in Experiment 1, except that the display consisted of a rectangular array (height/width ratio 2:3) containing a variable set size. The rectangular array contained either 96, 216, 360 or 600 dots and was centered on the monitor. Again, in some conditions a variable number of gray dots in the display were replaced by red dots. The number of red dots in each trial was manipulated as a percentage of the total number of dots in a display. In the search display either 0%, 5%, 50% or 95 % of the non-target dots were red.
The resulting 4 Â 4 design (number of dots Â percentage of red non-targets) was repeated 20 times in each subjects in two separate blocks containing a random order of 10 repetitions per condition.
Task and procedure
The task and procedure for each subject were the same as in Experiment 1. The experiment took about 20 min.
Results and discussion
Again we found the longest search times when there were 5% 2F non-targets in the display. Moreover, we extended results of Experiment 1, since 5% 2F non-targets yielded the longest search times in all set sizes. The mean search time in each condition for each observer was calculated, after which the averages of these mean search times were calculated across subjects. The resulting mean search time is plotted in panel A of Fig. 4 . Incorrect responses were excluded (2.26% of the data). For each percentage 2F non-targets search time is plotted as a function of the total number of dots in a search display. Immediately apparent from this graph is that for all set sizes search time was longest when there were 5% 2F non-targets in the display. Fitting a linear equation (RT = A Ã N dots + B) using a least squares method to determine a search time slope for all four percentages of 2F non-targets in a display confirmed this. The slope (parameter A) for the 5% red dots conditions was twice as steep (4.71) as in the 0% (2.34) condition, 1.5 times as steeps as in the 50% condition (3.19), and about three times as steep as the slope in the 95% red dots condition (1.50, see Fig. 4,  panel B) . Each of the R2s of the fitted functions was above 0.94. Thus, the striking result again is that with a small number of 2F non-targets in a display search times were actually longer than in the other conditions, and did not depend on an absolute number of 2F non-targets as indicated by the slower search rate in that condition. Independent of total set size, 5% irrelevant non-targets yielded the longest search time as well as the slowest search rates as indicated by the largest search slope. Though red dots could never be the target in a search display, a small number of red dots lengthened search time, rather than shortened it.
These longer search times and slower search rates with 5% irrelevant non-targets can be attributed to different underlying processes. During search in large displays, observers usually make eye movements. To get more insight in what may make search slow with 5% 2F non-targets, we measured eye movements of five observers performing the same task as in Experiment 1.
Experiment 3
Since Experiment 1 showed that 5% irrelevant non-targets yielded the longest search time and Experiment 2 extended these results to different total set sizes, our next experiment focuses on whether longer search times in the 5% 2F non-target condition can be attributed to different underlying processes. We therefore measured the saccadic eye movements observers made in this third experiment. Saccades serve the visual system by projecting interesting parts of the stimulus onto the fovea (the most sensitive central part of the retina). Between these saccades there are periods during which the eye does not move. These so-called fixations usually last 200-300 ms (e.g. Rayner, 1998) . During fixations the intake of visual information may take place. The search time roughly depends on the number of fixations and the duration of these fixations. To get insight how search time is related to the number of fixations and fixation durations we first briefly discuss the processes underlying eye movement behaviour in search.
During fixations at least three processes are assumed to take place (Viviani, 1990) . First, the area around the fixation point is visually analysed (foveal analysis). This area from which visual (target) information is extracted is often referred to as the visual span (O'Regan, Lévy-Schoen, & Jacobs, 1983; Vlaskamp, Over, & Hooge, 2005) . Second, the peripheral field is sampled for potential targets for the next saccade (saccade target selection). Third, the next saccade is prepared; this takes about 150 ms (Becker & Jür-gens, 1979) .
The longer search times obtained in the displays containing 5% 2F non-targets may critically depend on two of these processes, namely saccade target selection and foveal analysis. If saccade target selection is hampered during search in the displays containing 5% 2F non-targets, we expect this to affect fixation locations (saccade landing positions) with a bias for overt orienting towards 2F nontargets. Note that saccade target selection is not the same as the selection of the target in a display. Saccade target selection is the selection of the potential targets to which the next saccade will be made. Hence, hampered target selection is not necessarily the same as distraction by the irrelevant 2F non-targets away from the target as in attentional capture. The target can still be under foveal analysis when fixating a 2F non-target. Since the probability of the target being somewhere in the display (target location is completely random) is equal across the whole display, a biased, non-random distribution of saccade targets decreases the probability that every area of fixation contains the target. A target selection bias towards 2F non-targets would therefore increase search time. An indicator for this hampered saccade target selection is the number of fixations on irrelevant red objects in relation to the number of irrelevant red objects in the display. As a result of hampered saccade target selection, we expect the number of fixations to be higher than in other conditions, caused by fixations on irrelevant red elements.
The second process, foveal analysis may also play a critical role in search behaviour. From the literature we know that when foveal analysis requires more time, it may lead to different eye movement strategies. For example, with decreasing target-distractor dissimilarity, the foveal analysis time increases (the visual system requires more time to detect the difference between a target and a distracter), which may lead to longer fixation times. Usually, fixation time increases with decreasing target-distractor dissimilarity (Hooge & Erkelens, 1996; Hooge & Erkelens, 1998; Hooge & Erkelens, 1999; Vlaskamp et al., 2005) . However, in dense displays (as in the present experiment) multiple stimulus elements are analysed in a single fixation. If foveal analysis requires more time this may affect behaviour in several ways. We describe two extremes: (1) fixation time increases and is set in such way that the size of the area (or the number of elements) inspected remains constant and (2) fixation time remains constant and the size of the inspected area (or the number of elements) decreases. These two strategies have different influences on the search time: strategy 1 (fixation time increases, area inspected remains constant) produces longer search times through longer fixation times, whereas strategy 2 produces longer search times due to a higher number of fixations (the size of the area inspected decreases, a higher number of fixations are required to inspect the whole display) with a unchanged fixation time. Of course, a mix of these strategies may occur. Based on this mechanism, we expect fixation time (cf. strategy 1) and/or number of fixations (cf. strategy 2) to increase in the condition where displays contain 5% irrelevant non-targets, compared to the other conditions.
To examine the relation between saccades and search time, we repeated the first experiment, while measuring eye movements using the SR Eyelink II system.
Methods
Participants
Five experienced observers (four naïve as to the purpose of the experiment, three of them did not participate in Experiments 1 and 2) voluntarily participated in the experiment. All had normal or corrected to normal vision.
Stimuli, task and procedure
Stimuli, task and procedure for each subject was the same as in Experiment 1. Stimuli were again presented on a Macintosh G4 computer using Matlab Ò 5.2.1, the Psychophysics Toolbox extensions as well as the EyeLink Toolbox (Cornelissen, Peters, & Palmer, 2002) . In this experiment stimuli were presented on a 22 inch LaCie Electron Blue III monitor set to a resolution of 1280 by 1024 pixels and a vertical refresh rate of 75 Hz. Participants were placed in a chin rest such that the distance to the screen was 64 cm. This made stimulus size the same in terms of visual angle as in Experiment 1. Each of the 17 2F non-target conditions (0-600) was repeated 20 times in each subject in two separate blocks containing a random order of 10 repetitions per condition. Each of the two experimental blocks started with a calibration (nine dots standard EyeLink calibration). Since we can record where observers fixated in the display, we can determine whether they found the target or not. Moreover, Experiments 1 and 2 have shown that observers report the location of the target correctly.
Eye movement measurement
Movements of the left eye were measured at 500 Hz with the SR EyeLink II. Data were stored on disk and were analysed off-line using Matlab code written by the authors.
Data analysis
The velocity signal of eye movements was checked for peak velocities above 20 deg/s. Each peak (in the velocity signal) was considered a potential indicator of the presence of a saccade. The exact onset of the saccade was determined by going backward in time to the point where the absolute velocity signal dropped below the average velocity plus two standard deviations during the stable fixation period before the saccade. The exact offset of the saccade was determined by going forward in time to the point where the absolute velocity signal dropped below the average velocity plus two standard deviations during the stable fixation period after the saccade (e.g. as in Vlaskamp et al., 2005) . This procedure was followed by rejection/acceptance based on minimum saccade duration of 10 ms and minimum amplitude of 1.0°. When a saccade was removed, fixation time before and after this saccade and the duration of the saccade were added together. Furthermore, based on search time outlier analysis, 4.23% of the data was discarded, since search time was 4.5 standard deviations (20 s or more, SD = 3.39 s) above the overall mean search time (5.06 s) in that part of the data. Such outliers were not present in Experiments 1 and 2, and might be attributed to observers being distracted in some of the trials by the head-mounted Eyelink II in this third experiment.
Results and discussion
Search time and proportion fixated 2F non-targets
Given that search times in Experiment 3 resembled those of our previous experiments, we are able to investigate underlying mechanisms as indicated by the eye movements we measured. Per observer the mean search time in each condition was calculated, after which the averages of these mean search times were calculated across subjects. The resulting mean search time is plotted in upper left panel of Fig. 5 . Immediately apparent is the increase in search time around 5% 2F non-targets, which is similar to that in the previous experiments (see gray area in the upper left panel of Fig. 5 ).
As argued before, an increase in search time might be attributed to either a problem in saccade target selection or foveal analysis during search. An indicator for hampered saccade target selection is the number of fixations on irrelevant 2F objects in relation to the number of 2F irrelevant objects in the display. To compare across conditions (with different numbers of red elements), we computed proportions fixations on 2F non-targets and proportions of red elements in the display. Fixations on elements were determined by calculating the distance of saccadic endpoints to individual elements. The elements with smallest Euclidian distance to this endpoint were defined as the items 'currently fixated'.
1 Next, the number of fixations on 2F non-targets was divided by the total number of fixations, and the number of 2F non-targets was divided by the total number elements in the display (600). Fig. 6 shows the proportion fixations on 2F non-targets versus the proportion 2F non-targets in the display. Data points lie on the unity line, which indicates that the proportion of fixations on red elements was equal to the proportion red elements in the display. In other words, the proportion fixations on 2F non-targets was directly related to the proportion 2F non-targets in the display. It is clear that saccade target selection was by no means affected by the size of the irrelevant 2F subset.
Percentage 2D 1 Note that determining the 'element currently fixated' does not mean that it was the only element currently analysed, but is among an area (often referred to as visual span) that was analysed during fixation. We will come back to this visual span in Section 5. Moreover, due to large density of the display, one could argue that, given the resolution of the Eyelink II, this calculation can not be made. However, this method was validated by finding the same results in one participant that did the same search task in a Dual Image Purkinje Eyetracker setup which has a much higher measuring resolution.
From this we conclude that the longer search times obtained in displays containing 5% irrelevant items were not caused by hampered saccade target selection.
Fixation time, saccade amplitude and number of fixations
We have shown that hampered target selection does not contribute to longer search time in the 5% 2F non-target condition, since 2F non-targets were not fixated more often than the proportion of 2F non-targets in the display would predict. As mentioned above, problems in the second process, foveal analysis, might contribute to longer search times in the 5% 2F non-target condition as well. We expected fixation time and/or number of fixations to increase (as expected based on the aforementioned strategies 1 and 2) in the condition where displays contain 5% irrelevant elements.
The average fixation time as a function of percentage 2F nontargets was constant up to a percentage of around 80% (see the upper right panel of Fig. 5 ). The average fixation time at the 5% condition did not differ from average fixation time for a large range of conditions. When the percentage 2F non-targets was larger than 80%, fixation time decreased with increasing percentage of 2F nontargets. This pattern of fixation duration was not different for fixations on 2F or 1F non-targets (F(1, 30) = 0.26, p = 0.60). The shorter fixation time above 80% 2F non-targets might be attributed to the fact that the gray (relevant) 1F non-targets were spatially more separated across the display, making the smaller gray target easier to discriminate from gray 1F non-targets. This larger spacing between gray elements is reflected in saccadic amplitude as well. For a range of 2F non-target percentages up to 80% saccade amplitude (see the lower right panel of Fig. 5) stayed at the same level. Only when the 1F non-targets were spatially more separated across the display, the saccadic amplitude accordingly increased.
The other measure, the number of fixations, must therefore explain the longer search time in the 5% 2F non-target condition. As can be seen from the lower left panel of Fig. 5 the number of fixations shows an almost identical pattern to that of search time. Apparently, more fixations were made in the 5% 2F nontarget condition (again indicated by the gray area in lower left panel of . Apparently, observers were searching longer when there was an irrelevant subset that is 5% of the total set size, since they made more fixations, while fixation time remained constant. This could be an indication of analysis of items taking more time in the 5% 2F non-target condition compared to other conditions. In sum, we have shown that longer search time in the 5% 2F non-target condition can not be attributed to hampered saccade target selection, since 2F non-targets were not fixated more often than the proportion of 2F non-targets in the display would predict. There did appear to be an overall longer foveal analysis in the 5% 2F non-target condition, which was indicated by a higher number of fixations in this condition, while fixation duration remained constant (the aforementioned strategy 2). Based on strategy 2 we assume that in the 5% 2F non-target condition apparently the visual span was decreased (a smaller area was inspected in the same fixation time). What causes this smaller visual span is unclear. It might be argued that covert mechanisms affect the visual processing of non-targets in the 5% non-target condition. This will be discussed in more detail in Section 5. 
General discussion
The current experiments set out to investigate whether observers were able to successfully select a relevant subset in a search display (with constant total set size), while the other irrelevant subset was varied in size. Alternatively, they might show an increase in search time when the irrelevant subset is small in relation to the total set size as was previously suggested by Wertheim (1981) .
Based on the fact that this to be ignored irrelevant subset was clearly different in colour (equiluminant red vs. gray) observers should be able to select the gray relevant subset more easily (colour coded target, see Williams, 1966) . The irrelevant non-targets differed on two features (colour and size) from target, while the relevant non-targets differed on only one feature (size). Therefore the first non-targets were referred to as 2F non-targets and the latter as 1F non-targets. Since total size of the search display was constant per trial, increasing the number of 2F non-targets (the irrelevant subset) meant decreasing the size of the gray 1F subset (the relevant subset), and as a consequence, search time for a gray target should decrease.
The large similarity between target and gray distractor (target was only 40% smaller in terms of degrees of visual angle) made the target hard to detect (cf. Duncan & Humphreys, 1989; Pashler, 1987) . This large similarity should in turn yield a better selection of the gray subset (Hooge & Erkelens, 1999 ) due to longer fixations on possible targets. Again, when the gray subset was efficiently selected and more items are red, search time should decrease, since the gray subset becomes smaller as more 2F non-targets were added.
Interestingly, in all three experiments for a low percentage of 2F non-targets (around 5%) the search time was actually the longest. When this percentage was either higher or lower, search times were shorter. In Experiment 1 the maximum search time for the gray target (in a display of 600 items) was not at 0% 2F non-targets, but at 5%. Hence in Experiment 2, which investigated whether this effect on search time was set size independent, four set sizes (96, 216, 360 and 600 items) were tested with only four levels of 2F non-targets (0%, 5%, 50% and 95%). Again, the 5% condition clearly showed longer search times compared to all other conditions as expressed by a larger search time slope for the 5% condition.
Experiment 3 showed results similar to previous experiments and showed that search time patterns could not be attributed a saccade target selection problem as reflected in a proportion of 2F non-targets being fixated more often than was expected based on the proportion present in the display. Proportion fixated 2F non-targets followed proportion 2F non-targets in the display almost perfectly. This means that selecting the next potential target to make an eye movement towards, while performing the search task, did not differ across percentages of irrelevant items.
Since saccade target selection was not hampered during search, another possible explanation for longer search times at 5% 2F nontargets was that the time required for foveal analysis was longer in 5% 2F non-target conditions. This could both be reflected in fixation durations and/or in the number of fixations. However, fixation duration analysis showed no increase of fixation time around 5% irrelevant non-target conditions, nor did fixation time differ for 2F and 1F non-targets at any percentage of 2F non-targets up to 80% 2F non-targets. Note, that for percentages 2F non-targets above 80%, fixation time decreased and saccade amplitude increased. Only the number of fixations that observers made, which could also be indicative of difficulties in analysing items currently fixated as well, did show a strong relationship with search time and showed a similar increase at 5% 2F non-targets.
The current results of all three experiments can be compared to results from Bacon and Egeth (1997) , but only match well with these results at percentages above 5% irrelevant non-targets. They show that search time results in their conjunction search task can be described by a quadratic bottom-up saliency-based distractorratio effect together with a linear decrease in search time due to top-down successful selection of a subset, decreasing in size. Fitting our data with this kind of function (a quadratic function centered around 50% 2F non-targets combined with a linear decrease as number of 2F non-targets increases) shows this can describe the data well at percentages at and above 10%. At 5% 2F non-targets the data can not be fitted well to a pattern as described by Bacon and Egeth (1997) .
It can be argued that the extra increase in search time at 5% is the consequence of a bottom-up salience of the irrelevant subset. The smaller subset is more salient as argued by Bacon and Egeth (1997) , but due to the fact that it is the red subset, the irrelevant subset becomes salient over the searched (gray) relevant subset and thus lengthens search time similar to irrelevant singletons in attentional capture paradigms (Folk & Remington, 1998; Leber & Egeth, 2006; Theeuwes, 2004) . The target in our experiment can be seen as such a singleton, but the irrelevant non-targets can not be seen as singletons in all but one condition where there is just one irrelevant non-target in the display. In all other conditions there were more than one irrelevant non-targets, which makes them non-singleton non-targets. Non-singleton irrelevant non-targets should be easier to ignore and more resistant to attentional capture, but could still be subject to filtering costs (Folk & Remington, 1998 ) rather than attentional capture. This could explain why the salient non-targets in Experiment 3 are not fixated more often than can be expected on the basis of the proportion of those nontargets in the display. Apparently, the irrelevant non-targets are not salient enough to yield overt orienting towards these items, but do result in filtering costs as reflected in search time increases.
Alternatively, it may not be the saliency of the irrelevant subset per se that causes longer search times. As was already proposed by Wertheim (1981) , when the irrelevant red subset is much smaller than the gray subset, a red-gray figure-background percept might emerge. When only 5% is irrelevant, the target is not part of the figure, but is part of the perceived background. Several studies have shown that is harder to find a target in the perceived background part of a stimulus (Davis & Driver, 1998; He & Nakayama, 1992; Humphreys & Müller, 2000; Rensink & Enns, 1998) . At 5% 2F non-targets this figure-ground segregation could be maximal and therefore increase search time maximally. Whether this figureground account really explains the current results and why this figure-ground percept is strongest at 5% irrelevant subset size should be tested in future research. This could be done, for example, by varying the depth planes (with use of a binocular setup) in which the irrelevant subset and relevant subset of elements are presented, where we expect a decrease of the '5%' effect when the irrelevant subset is presented in a far plane, while the relevant items are presented in a near plane. This figure-ground idea is strengthened by the fact that search time differences between 5% and other percentages of 2F non-targets increased in the same search task in a pilot Dual Image Purkinje Eyetracker setup. In this setup the elements were displayed with a larger density due to monitor constraints, yielding an even stronger figure-ground percept of the search display. RT difference between the 5% condition and other condition consequently increased as density of the display was increased.
If fewer items per fixation are analysed, as the increase of number of fixations in Experiment 3 suggests, it will take more time to find the target based on the probability of the target being present amongst the items currently fixated. This area in which items fall that are analysed during a fixation is sometimes referred to as visual span. Apparently visual span is decreased in the 5% 2F non-tar-get condition. What causes this decrease in visual span at 5%, can, at this stage, only be speculated upon. A plausible option is that, for 5% irrelevant items, lateral masking of relevant items by the irrelevant items is maximal, perhaps by means of the aforementioned figure-ground principle, since both a smaller or larger number of irrelevant items results in less crowding of relevant items. This could cause fewer items to be processed per fixation (Bouma, 1970; Wertheim, Hooge, Krikke, & Johnson 2006) .
In sum, in feature search the target detection critically depends on the number of irrelevant items, with either covert mechanisms possibly decreasing visual span or a figure-ground percept being strongest, or interplay of both factors, when this irrelevant subset is small.
